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TITLE OF THE INVENTION 

METHODS AND APPARATUS FOR DRAWING OPTICAL FIBER 
RELATED APPLICATION 

This is a continuation-in-part application of 
application serial no. PCT/ JP00/04353 filed on June 30, 
2000, now pending. 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to methods and 
apparatus for drawing an optical fiber whose 

: : ; 

W transmission loss is lowered by reducing Rayleigh 

-T scattering intensity. 

5 Related Background Art 

J For example, the method described in Japanese 

Jy 15 Patent Application Laid-Open No. H04-59631 is known as 

a method of drawing an optical fiber with transmission 
loss lowered by reduction of Rayleigh scattering 
intensity. This drawing method is a method of placing 
a heating furnace immediately below a drawing furnace 
and reheating an optical fiber drawn as heated in the 
heating furnace. The reheating of the heated and drawn 
optical fiber prevents the optical fiber from being 
rapidly cooled from a high temperature state and thus 
decreases a virtual temperature (a temperature 
corresponding to randomness of atomic arrangement 
states in glass), thereby reducing the Rayleigh 
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scattering intensity . 

In the drawing method of the optical fiber as 
described in Japanese Patent Application Laid-Open No. 
H04-59631, however, since the equipment structure 
includes the extra heating furnace added immediately 
below the drawing furnace, the equipment cost soars. 
The addition of the reheating step of optical fiber 
also results in complicating a series of drawing steps 
of heating and drawing an optical fiber preform and 
coating an optical fiber thus drawn, with resin. 
SUMMARY OF THE INVENTION 

The present invention has been accomplished in 
view of the above-stated points and a first object of 
the invention is thus to provide fiber drawing methods 
by which an optical fiber with reduced Rayleigh 
scattering intensity and thus lowered transmission loss 
can be drawn without a rise of equipment cost and in a 
simple manner. 

A second object of the invention is to provide 
fiber drawing apparatus by which an optical fiber with 
reduced Rayleigh scattering intensity and thus lowered 
transmission loss can be drawn without a rise of 
equipment cost and in a simple manner. 

Meanwhile, the inventors have conducted intensive 
and extensive research on the fiber drawing apparatus 
and drawing methods capable of lowering the 



transmission loss without a rise of equipment cost and 
in a simple manner and found the new fact as described 
below about the relation between Rayleigh scattering 
intensity and temperature of the optical fiber preform 
during drawing. 

In glass at high temperatures atoms vigorously 
oscillate because of thermal energy and atomic 
arrangement thereof is in a random state as compared 
with glass at low temperatures. For this reason, the 
higher the temperature of the optical fiber preform 
during drawing, the more random the atomic arrangement 
of glass becomes. Further, since the optical fiber is 
made by being drawn in the form reflecting the random 
state of the atomic arrangement, the atomic arrangement 
of the optical fiber thus drawn also becomes random, so 
as to increase a Rayleigh scattering loss. The 
Rayleigh scattering loss (I) possesses the property of 
inverse proportion to the fourth power of wavelength 
(A) as indicated by Eq (1) below, and the coefficient 
A in this equation is defined as a Rayleigh scattering 
coefficient . 

I = A/A 4 (i) 

It was found from these results that decrease in 
the temperature of the optical fiber preform during 
drawing brought the atomic arrangement in the optical 
fiber preform into a relatively aligned state with 
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reduced randomness, the preform was drawn in the form 
reflecting the reduced randomness state of the atomic 
arrangement to yield the optical fiber, and this was 
able to reduce the Rayleigh scattering intensity of the 
optical fiber drawn and thus lower the transmission 
loss . 

Based on such research results, in order to 
accomplish the first object described above, a drawing 
method of optical fiber according to the present 
invention is a fiber drawing method of heating and 
J drawing an optical fiber preform by making use of a. 

drawing furnace comprising a muffle tube into which the 
t . optical fiber preform is supplied, wherein the optical 

I fiber preform is drawn in a state in which a 

a 

| 15 temperature of the muffle tube is kept below 1800°C. 

Since the optical fiber preform is drawn in the 
state in which the temperature of the muffle tube is 
kept below 18 00°C, the maximum temperature on the 
surface of the optical fiber preform during drawing is 
lowered to below 1800°C, which is- lower than that in 
the prior art, and the atomic arrangement in the 
optical fiber preform is in the relatively aligned 
state with reduced randomness of atomic arrangement. 
Accordingly, the optical fiber is drawn in the form 
reflecting this reduced randomness state of atomic 
arrangement, so that the optical fiber can be gained 
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with reduced Rayleigh scattering intensity and lowered 
transmission loss. As a consequence, since the 
Rayleigh scattering intensity is reduced by controlling 
the temperature of the optical fiber preform during 
drawing, there is no need for the reheating step with 
the heating furnace as in the aforementioned prior art, 
which permits the optical fiber with reduced 
transmission loss to be made without a rise of 
equipment cost and in a simple manner. 

In the drawing method of optical fiber according 
to the present invention, the optical fiber preform may 
be drawn, using as the drawing furnace, a drawing 
furnace comprising a heater a length of a heating 
portion of which in a drawing direction is not less 
than eight times a diameter of the optical fiber 
preform. 

Since the optical fiber preform is drawn in the 
state in which the temperature of the muffle tube is 
kept below 1800°C, the maximum temperature on the 
surface of the optical fiber preform during drawing is 
lowered to below 1800°C lower than that in the prior 
art and the viscosity increases in the optical fiber 
preform in a molten state, which can make it hard to 
draw the optical fiber preform into a desired diameter 
of optical fiber. However, when the optical fiber 
preform is drawn using the drawing furnace comprising 



the heater the length of the heating portion of which 
in the drawing direction is not less than eight times 
the diameter of the optical fiber preform, the optical 
fiber preform can be readily drawn into the desired 
diameter of optical fiber even in the high viscosity 
state of the optical fiber preform in the molten state. 

Another drawing method of optical fiber according 
to the present invention is a fiber drawing method of 
heating and drawing an optical fiber preform by making 
use of a drawing furnace, wherein the optical fiber 
preform is drawn so that in the drawing furnace a taper 
angle of a meniscus portion of the optical fiber 
preform becomes not more than 19° . 

Since the optical fiber preform is heated and 
drawn so that the taper angle of the meniscus portion 

of the optical fiber preform becomes not more than 19° 
the atomic arrangement becomes relatively aligned in 
the state of reduced randomness of atomic arrangement 
in the meniscus portion of the optical fiber preform 
thus drawn. Accordingly, the optical fiber is made as 
reflecting this state of reduced randomness of atomic 
arrangement, so that the optical fiber can be obtained 
with reduced Rayleigh scattering intensity and lowered 
transmission loss. This results in obviating the 
necessity for the reheating step with the heating 
furnace as employed in the foregoing prior art, so that 

6 

O 





FPOO-0015-00 



i ; 



lis 



the optical fiber with reduced transmission loss can be 
obtained without a rise of equipment cost and in a 
simple manner. 

In order to accomplish the second object 
5 described above, a drawing apparatus of optical fiber 

according to the present invention is a fiber drawing 
apparatus comprising a drawing furnace for heating and 
drawing an optical fiber preform, wherein the drawing 
furnace comprises a muffle tube into which the optical 
J*f 10 fiber preform is supplied, and a heater disposed around 

an outer periphery of the muffle tube and arranged to 
heat a predetermined longitudinal range of the optical 
fiber preform, and wherein a length of a heating 
portion of the heater in a drawing direction is not 
15 less than six times a diameter of an inner periphery of 

the muffle tube. 

When the temperature of the optical fiber preform 
during drawing is lowered as compared with that in the 
prior art in order to obtain the optical fiber "with 
20 reduced Rayleigh scattering intensity and lowered 

transmission loss, the viscosity becomes higher in the 
optical fiber preform in the molten state, which can 
make it hard to draw the optical fiber preform into a 
desired diameter of the optical fiber. However, when 
25 the length of the heating portion of the heater in the 

drawing direction is not less than six times the 
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diameter of the inner periphery of the muffle tube, the 
optical fiber preform can be readily drawn into the 
desired diameter of the optical fiber even in the high 
viscosity state of the optical fiber preform in the 
molten state . 

The drawing apparatus of optical fiber according 
to the present invention may also be constructed so 
that the heater includes a plurality of heaters 
arranged in series along the drawing direction and the 
sum of lengths of heating portions of the heaters in 
the drawing direction is not less than six times the 
diameter of the inner periphery of the muffle tube. 

When the heater includes a plurality of heaters 
arranged in series along the drawing direction, it 
becomes feasible to readily expand the heating range of 
the optical fiber preform. Of course, when the sum of 
the lengths of the heating portions of the heaters in 
the drawing direction is not less than six times the 
diameter of the inner periphery of the muffle tube, the 
optical fiber preform can be readily drawn into the 
desired diameter of the optical fiber even in the high 
viscosity state of the optical fiber preform in the 
molten state. 

In the drawing apparatus of optical fiber 
according to the present invention, the heater may be a 
carbon heater. When the heater is the carbon heater, 
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the equipment cost can be reduced further. 

The present invention will become more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings which are 
given by way of illustration only, and thus are not to 
be considered as limiting the present invention. 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter. However, it should be 
understood that the detailed description and specific 
examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since 
various changes and modifications within the spirit and 
scope of the invention will become apparent to those 
skilled in the art from this detailed description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram showing the 
drawing method and drawing apparatus of optical fiber 
according to the first embodiment of the present 
invention. 

Fig. 2 is a schematic block diagram showing the 
drawing method and drawing apparatus of optical fiber 
according to the second embodiment of the present 
invention . 

Fig. 3 is a chart showing a relation between 
surface temperature of optical fiber preform and 



Rayleigh scattering coefficient. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The drawing methods and drawing apparatus of 
optical fiber according to the embodiments of the 
present invention will be described below with 
reference to the drawings. Throughout the description 
of the drawings the same elements will be denoted by 
the same reference symbols and redundant description 
will be omitted. 
(First Embodiment) 

First, the first embodiment of the drawing method 
and drawing apparatus of optical fiber according to the 
present invention will be described below with 
reference to Fig. 1. 

The drawing apparatus 1 is an apparatus for 
drawing a quartz based optical fiber and has a drawing 
furnace 11, a primary coating resin curing section 21, 
and a secondary coating resin curing section 22. The 
drawing furnace 11, primary coating resin curing 
section 21, and secondary coating resin curing section 
22 are arranged in the order of the drawing furnace 11, 
primary coating resin curing section 21, and secondary 
coating resin curing section 22 along the drawing 
direction of the optical fiber preform 2, i.e., along 
the longitudinal direction of the preform 2. The 
drawing furnace 11 has a muffle tube 12 into which the 
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preform 2 is supplied. A carbon heater 13 is disposed 
around the outer periphery of the muffle tube 12 so as 
to surround the muffle tube 12. The diameter of the 
preform 2 is 35 mm. The diameter of the inner 
periphery of the muffle tube 12 is 4 6 mm. 

The preform 2 is held by a preform feeding device 
(not illustrated) and is supplied into the muffle tube 
12 of the drawing furnace 11. The carbon heater 13 
heats the lower end of the preform 2 and the optical 
fiber 3 is drawn therefrom. An inert gas supply line 
14 from an inert gas (e.g., N 2 gas) supply (not shown) 
is coupled to the drawing furnace 11, and the interior 
of the drawing furnace 11 is kept in an inert gas 
atmosphere . 

The carbon heater 13 is set so that the length of 
a heating portion thereof in the drawing direction is 
not less than eight times the diameter of the preform 2. 
Since the diameter of the inner periphery of the muffle 
tube 12 is longer than the diameter of the preform 2, 
the length of the heating portion becomes not less than 
six times the diameter of the inner periphery of the 
muffle tube 12. In this first embodiment, the length 
of the heating portion of the carbon heater 13 in the 
drawing direction is set to 500 mm. This carbon heater 
13 generates heat while supplied power thereto is 
controlled so that the temperature of the muffle tube 
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12 of the drawing furnace 11 becomes below 1800°C. 
The control of supplied power to the carbon 

heater 13 is executed as follows. First, the carbon 

heater 13 is energized prior to actual drawing of the 
preform 2, and temperatures of the muffle tube 12 of 

the drawing furnace 11 are measured with a radiation 
thermometer or the like, to preliminarily obtain a 
power value at which the temperature of the muffle tube 
12 of the drawing furnace 11 becomes below 1800°C. 
During the actual drawing of the preform 2 thereafter, 
the supplied power to the carbon heater 13 is 
controlled to the predetermined power value. In the 
first embodiment, the temperature of the muffle tube 12 

indicates a surface temperature on the inner 
peripheral surface of the muffle tube (the surface 
facing the surface of the preform 2 or the optical 
fiber 3) . 

When the supplied power to the carbon heater 13 
is controlled so that the temperature of the muffle 
tube 12 of the drawing furnace 11 becomes below 1800°C 
(e.g., 1600°C) in this way, -the maximum temperature 
becomes below 1800°C on the surface of the preform 2 in 
the drawing furnace 11. 

The preform 2 in the drawing furnace 11 is heated 
into the molten state by the carbon heater 13 and is 
pulled to form a meniscus portion 2a. A length al of 
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the meniscus portion 2a in the drawing direction of the 
preform 2 becomes not less than 7 6 mm (about 150 mm in 
the first embodiment) and a taper angle j3l thereof 
becomes not more than 19° (about 9.6° in the first 
embodiment) . Here al and (3l are defined by the 
following equations. 

al = XI - X2 (2) 
01 = 2tan _1 {Y(0.45 - 0.1)/(X1 - X2)} (3) 
Y: outside diameter of the optical fiber preform 



10 (mm) 



XI: longitudinal position (mm) where the outside 
diameter is Y X 0.9 

X2 : longitudinal position (mm) where the outside 
1 diameter is Y X 0.2 

I 15 The origin of X (the position of 0 mm) is defined at 

s 

the longitudinal position of the lowermost end of the 
carbon heater and the positive direction is set upward 
(in the opposite direction to the direction of gravity) 
from the origin. 

20 The optical fiber 3 outgoing from a shutter 

portion 15 of the drawing furnace 11 is subjected to 
on-line measurement of the outside diameter by an 
outside diameter gauge 31 as an outside diameter 
measuring means, and measured values of outside 

25 diameter are fed back to a driving motor 33 for 

rotating a drum 32, whereby the outside diameter is 
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controlled so as to become a constant value (for 
example, a optical fiber glass outside diameter of 125 
£lm) . Output signals from the outside diameter gauge 
31 are sent to a control unit 34 as a control means and 
5 a rotational speed of the drum 32 (driving motor 33) is 

calculated so that the outside diameter of the optical 
fiber 3 becomes the preset value. The control unit 34 
outputs an output signal indicating the thus calculated 
O rotational speed of the drum 32 (driving motor 33) to a 

M ■ « 

5 : : 
rs-s.- 

Ln 10 driver for the driving motor (not shown) and this 

driving motor driver controls the rotational speed of 
the driving motor 33, based on the output signal from 
the control unit 34. 

After that, the optical fiber 3 is coated with a 
15 primary coating UV resin through a coating die 41 and 

the primary coating UV resin is cured by a UV lamp in 
the primary coating resin curing section 21, thereby 
forming a primary coated optical fiber 4. After that, 
the primary coated optical fiber 4 is coated with a 
20 secondary coating UV resin through a coating die 42 and 

the secondary coating UV resin is cured by a UV lamp in 
the secondary coating resin curing section 22, thereby 
forming a secondary coated optical fiber (coated 
optical fiber) 5. Then the secondary coated optical 
25 fiber 5 is wound up via a guide roller 51 on the drum 

32. The drum 32 is supported on a rotational drive 
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shaft 35 and an end of this rotational drive shaft 35 
is coupled to the driving motor 33. 

Described below are the results of experiments 
conducted using the drawing apparatus 1 described above 
5 as the first embodiment. Common conditions to these 

experiments are as follows. The preform 2 was a silica 
glass preform for single-mode fiber having the diameter, 
of 036 mm, the core part of Ge-doped silica glass, and 
O the cladding part of pure silica glass. The optical 

■ ' '"m 

LJ 10 fiber 3 having the outside diameter of 125 jmva was 

Ly drawn from this optical fiber preform 2 by the drawing 

□ apparatus 1. In all Example 1, Example 2, and 

p Comparative Example 1, N 2 gas was used as the inert gas. 

p Example 1 and Example 2 are experiment examples 

as* 

g 15 by the drawing method and drawing apparatus of optical 

s " fiber according to the first embodiment, while 

Comparative Example 1 is a comparative experiment 
example for comparison with the examples by the drawing 
method and drawing apparatus of optical fiber according 
20 to the first embodiment described above. 

(Example 1) 

The drawing speed was set at 100 m/min, the 
drawing tension at 980 mN (100 gf ) , and the feed of N 2 
gas at 30 liter/min, respectively. The carbon heater 
25 13 was energized so that the temperature of the muffle 

tube of the drawing furnace 11 became 1600°C, and the 

15 



preform 2 was drawn in a state in which the temperature 
of the muffle tube of the drawing furnace 11 was kept 
at 1600°C. The length of the heating portion of the 
carbon heater 13 in the drawing direction was 500 mm. 
The length of the muffle tube 12 in the drawing 

direction was 600 mm. In this setting, the length al 
of the meniscus portion 2a in the drawing direction of 
the preform 2 was approximately 150 mm and the taper 
angle j8l was approximately 9.6° . 

The Rayleigh scattering coefficient determined 
from the wavelength loss characteristics of the optical 

fiber 3 drawn was 0.90 dB//m 4 /km, as shown in Fig. 3. 
(Example 2) 

The drawing speed was set at 100 m/min, the 
drawing tension at 980 mN (100 gf ) , and the feed of N 2 
gas at 30 liter/min, respectively. The carbon heater 
13 was energized so that the temperature of the muffle 

tube of the drawing furnace 11 became 1750°C, and the 
preform 2 was drawn in a state in which the temperature 
of the muffle tube of the drawing furnace 11 was kept 
at 1750°C. The length of the carbon heater 13 in the 
drawing direction was 350 mm. The length of the muffle 
tube 12 in the drawing direction was set to 420 mm. In 

this setting, the length al of the meniscus portion 2a 
in the drawing direction of the preform 2 was 

approximately 106 mm and the taper angle /3l was 
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approximately 13° . 

The Rayleigh scattering coefficient determined 

from the wavelength loss characteristics of the optical 

fiber 3 drawn was 0.935 dB//m 4 /km, as shown in Fig. 3. 

(Comparative Example 1) 

The drawing speed was set at 100 m/min, the 
drawing tension at 980 mN (100 gf ) , and the feed of N 2 
gas at 30 liter/min, respectively. The carbon heater 
was energized so that the temperature of the muffle 
tube of the drawing furnace 11 became 1900°C, and the 
preform 2 was drawn in a state in which the temperature 
of the muffle tube of the drawing furnace 11 was kept 
at 1900°C. The length of the carbon heater in the 
drawing direction was set to 100 mm. The length of the 
muffle tube 12 in the drawing direction was 120 mm. In 

this setting, the length al of the meniscus portion 2a 
in the drawing direction of the preform 2 was 

approximately 50 mm and the taper angle J3l was 
approximately 2 9° . 

The Rayleigh scattering coefficient determined 
from the wavelength loss characteristics of the optical 
fiber 3 drawn was 0.97 dB/ZmVkm, as shown in Fig. 3. 

As described above, the Rayleigh scattering 
coefficient was 0.90 dB//m 4 /km and 0.935 dB//m 4 /km in 
Example 1 and Example 2 and, therefore, the Rayleigh 
scattering coefficient was able to be reduced as 
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compared with 0.97 dB//m 4 /km in Comparative Example 1. 

As also apparent from the above-stated experiment 
results, in the drawing apparatus and drawing method of 
optical fiber according to the first embodiment, as 
described above, the drawing furnace 11 has the carbon 
heater 13 the length of the heating portion of which in 
the drawing direction is not less than eight times the 
diameter of the preform 2 (or not less than six times 
the diameter of the inner periphery of the muffle tube 
12), and this carbon heater 13 generates heat so that 
the temperature of the muffle tube 12 of the drawing 
furnace 11 becomes below 1800°C. At this time the 
preform 2 is heated by the heat from the carbon heater 
13 to be pulled so that the taper angle /?1 of the 
meniscus portion 2a of the preform 2 becomes not more 
than 19° . 

When the preform 2 is drawn in the state in which 
the temperature of the muffle tube 12 of the drawing 

furnace 11 is kept below 1800°C in this way, the 
maximum temperature on the surface of the preform 2 

during drawing is reduced to below 1800°C lower than 
that in the prior art, so that the atomic arrangement 
in the preform 2 is brought into the relatively aligned 
state with reduced randomness of atomic arrangement. 
Accordingly, the optical fiber 3 drawn by pulling the 
preform 2 reflects the reduced randomness state of 



18 



FP00-0015-00 



?! 5 

lit 



5 5 



atomic arrangement, and thus the optical fiber 3 is 
obtained with reduced Rayleigh scattering intensity and 
lowered transmission loss. As a consequence, since the 
Rayleigh scattering intensity is reduced by controlling 
5 the temperature of the preform 2 during drawing, there 

is no need for the reheating step with the heating 
furnace as employed in the aforementioned prior art, 
whereby the optical fiber 3 with lowered transmission 
loss can be obtained without a rise of equipment cost 
10 of the drawing apparatus 1 and in a simple manner. 

Since the length of the heating portion of the 
carbon heater 13 in the drawing direction is not less 
than eight times the diameter of the preform 2 (or not 
less than six times the diameter of the inner periphery 
15 of the muffle tube 12),. the temperature of the preform 

2 during drawing is lowered to below 1800°C, so that 
the preform 2 can be readily drawn into the desired 
diameter of the optical fiber 3 (e.g., the outside 

diameter of 125 //m) even in the high viscosity state 
20 of the preform 2. 

Since the carbon heater 13 is used as a heater in 

the drawing furnace 11, the equipment cost of the 

drawing apparatus 1 can be reduced further. 

(Second Embodiment) 

25 The second embodiment of the drawing apparatus 

and drawing method of optical fiber according to the 
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present invention will be described below with 
reference to Fig. 2. The second embodiment is 
different from the first embodiment in the structure of 
the carbon heater disposed in the drawing furnace. 
5 The drawing apparatus 101 is an apparatus for 

drawing a quartz based optical fiber and has the 
drawing furnace 111, the primary coating resin curing 
section 21, and the secondary coating resin curing 
section 22. The drawing furnace 111, primary coating 
~ 10 resin curing section 21, and secondary coating resin 

curing section 22 are arranged in the order of the 
D drawing furnace 111, primary coating resin curing 

section 21, and secondary coating resin curing section 
I 22, along the drawing direction of the preform 2, i.e., 

! 15 along the longitudinal direction of the preform 2. The 

* 

drawing furnace 111 has the muffle tube 12 into which 
the preform 2 is supplied. The carbon heater 113 is 
disposed around the outer periphery of the muffle tube 
12 so as to surround the muffle tube 12. 
20 The preform 2 is held by the preform feeding 

device (not shown) and is supplied into the muffle tube 
12 of the drawing furnace 11. The carbon heater 113 
heats the lower end of the preform 2 and the optical 
fiber 3 is drawn therefrom. 
25 The carbon heater 113 includes a first carbon 

heater 113a, a second carbon heater 113b, and a third 
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carbon heater 113c. The first carbon heater 113a, the 
second carbon heater 113b, and the third carbon heater 
113c are arranged in three-stage arrangement in series 
in the order of the first carbon heater 113a, second 
5 carbon heater 113b, and third carbon heater 113c along 

the drawing direction of the preform 2 (i.e., along the 
vertical direction in Fig 2) . For each of the first 
carbon heater 113a, the second carbon heater 113b, and 
p the third carbon heater 113c, the length of a heating 

fTj 10 portion in the drawing direction is set to 250 mm and 

fl the total length of the heating portions of the carbon 

f c 5 

^ heater 113 in the drawing direction is the length of 

Lu about 750 mm. 

JZ The carbon heater 113 (first carbon heater 113a, 

+j 15 second carbon heater 113b, and third carbon heater 

iy 113c) generates heat while the supplied power thereto 

is controlled so that the temperature of the muffle 
tube 12 of the drawing furnace 11 becomes below 1800°C 
(e.g., 1500°C) , as in the first embodiment. In "the 
20 carbon heater 113, temperatures of the first carbon 

heater 113a and the third carbon heater 113c located on 
the both sides in the drawing direction are set higher 
than a temperature of the second carbon heater 113b in 
consideration of leakage of heat in order to make 
25 temperature distribution uniform in the drawing 

direction of the muffle tube 12. In this second 
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embodiment, the temperature of the muffle tube 12 
indicates the surface temperature on the inner 
peripheral surface of the muffle tube (the surface 
facing the surface of the preform 2 or the optical 
fiber 3) . 

The preform 2 in the drawing furnace 111 is 
heated into the molten state by the carbon heater 113 
to form the meniscus portion 2a. The length a2 of 
this meniscus portion 2a in the longitudinal direction 
of the preform 2 becomes approximately 200 mm and the 

taper angle (32 thereof about 7.2° . Here a 2 and j8 2 
are defined by the following equations. 

a2 = XI - X2 (2) 
(32 = 2tan" 1 {Y(0.45 - 0.1)/(X1 - X2) } (3) 
Y: outside diameter of the optical fiber preform 

(mm) 

XI: longitudinal position (mm) where the outside 
diameter is Y X 0.9 

X2 : longitudinal position (mm) where the butside 
diameter is Y X 0.2 

The origin of X (the position of 0 mm) is defined at 
the longitudinal position of the lowermost end of the 
carbon heater and the positive direction is set upward 
(in the opposite direction to the direction of gravity) 
from the origin. 

Described below is the result of experiments 
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conducted using the drawing apparatus 101 of the second 
embodiment. In these experiments, as in Example 1, 
Example 2, and Comparative Example 1, the preform 2 was 
a silica glass preform for single-mode fiber having the 
diameter of 036 mm, the core part of Ge-doped silica 
glass, and the cladding part of pure silica glass. The 
optical fiber 3 having the outside diameter of 125 jum 
was drawn from this preform 2. N 2 gas was used as the 
inert gas . 

Example 3 is an experiment example by the drawing 
method and drawing apparatus of optical fiber according 
to the second embodiment. 
(Example 3) 

The drawing speed was set at 100 m/min, the 
15 drawing tension at 980 mN (100 gf ) , and the feed of N 2 

gas at 30 liter/min, respectively. The carbon heater 
113 was energized so that the temperature of the muffle 
tube of the drawing furnace 111 became 1500°C, and the 
preform 2 was drawn in a state in which the temperature 
of the muffle tube of the drawing furnace 111 was kept 
at 1500°C. The length of the heating portions of the 
carbon heater 113 in the drawing direction was 750 mm. 
The length of the muffle tube 12 in the drawing 
direction was 900 mm. In this setting, the length a2 
25 of the meniscus portion 2a in the drawing direction of 

the preform 2 was approximately 2 00 mm and the taper 
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angle j82 was approximately 7.2° . 

The Rayleigh scattering coefficient determined 
from the wavelength loss characteristics of the optical 
fiber 3 drawn was 0.88 dB/Zm 4 /km, a s shown in Fig. 3. 
5 As described above, the Rayleigh scattering 

coefficient was 0.88 dB/Zm 4 /km in Example 3, so that 
the Rayleigh scattering coefficient was able to be 
largely reduced as compared with the Rayleigh 

jr scattering coefficient of 0.97 dB//m 4 /km in Comparative 

J=j 10 Example 1. 

LlJ 

As also apparent from the experiment result, in 
W the drawing apparatus and drawing method of optical 

laJ 

■ fiber according to the second embodiment, as in the 

N 3 first embodiment, the maximum temperature on the 

=p 15 surface of the preform 2 during drawing is reduced to 

jj | 

nj below 1800°C lower than that in the prior art and the 

atomic arrangement in the preform 2 becomes relatively 
aligned in the state of reduced randomness of atomic 
arrangement, as described above. Accordingly, the 
20 optical fiber 3 drawn by pulling the preform 2 reflects 

this reduced randomness state of atomic arrangement, so 
that the optical fiber 3 can be obtained with reduced 
Rayleigh scattering intensity and lowered transmission 
loss. As a consequence, since the Rayleigh scattering 
25 intensity is reduced by controlling the temperature of 

the preform 2 during drawing, there is no need for the 
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reheating step with the heating furnace as employed in 
the aforementioned prior art, whereby the optical fiber 
3 with lowered transmission loss can be obtained 
without a rise of equipment cost of the drawing 
apparatus 101 and in a simple manner. 

Since the temperature of the preform 2 during 
drawing is lowered to below 1800°C as in the first 
embodiment, the preform 2 can be readily drawn into the 
desired diameter of the optical fiber 3 (e.g., the glas 

outside diameter of 125 jUm) even in the high viscosity 
state of the preform 2 . 

Since the carbon heater 113 includes the first 
carbon heater 113a, second carbon heater 113b, and 
third carbon heater 113c arranged in series along the 
drawing direction, the heating range of the preform 2 
can be readily expanded. 

In Experiment Example 1 to Experiment Example 3 
the preform 2 employed was the silica glass preform for 
single-mode fiber having the core part of Ge-doped 
silica glass and the cladding part of pure silica glass, 
but, besides it, the optical fiber with reduced 
transmission loss can be also produced from other 
optical fiber preforms for long-haul transmission, e.g., 
an optical fiber preform having the core part of pure 
silica glass and the cladding part of F-doped glass, a 
quartz fiber preform having a complex index profile by 

25 



# 




FP00-0015-00 



doping of Ge and F, and so on. 

The first and second embodiments employed the 
drawing furnace 11, 111 having the carbon heater 13, 
113, but the drawing furnace may be either of other 
5 types, such as an induction heating zirconia furnace or 

the like. 

In the second embodiment the carbon heater 113 
was the serial carbon heaters in the three-stage 
arrangement (the first carbon heater 113a, second 

10 carbon heater 113b, and third carbon heater 113c) , but 

the carbon heater may be serial carbon heaters arranged 
in two-stage, or four or more-stage arrangement. 

From the invention thus described, it will be 
obvious that the invention may be varied in many ways. 

15 Such variations are not to be regarded as a departure 

from the spirit and scope of the invention, and all 
such modifications as would be obvious to one skilled 
in the art are intended for inclusion within the scope 
of the following claims. 
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